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SYNOPSIS 
Beaches and dunes of the open coast form one of the globe's longest 
ecological interfaces, linking the oceans with the land. These systems are 
of great importance to society as prime sites for housing and recreation, 
buffers against storms, and providers of fisheries and mineral resources. By 
contrast, their unique ecological attributes and biodiversity are much less 
recognized. In this chapter, we provide a synthesis of the key ecological 
features and functions of beaches and dunes, outline the main elements of 
their faunal biodiversity, examine human threats and their biological con" 
sequences, and sketch some salient issues in management to achieve 
conservation of these unique ecosystems. It is apparent that the range of 
ecosystem goods and services is broad, but nutrient cycling, water filtration, 
and the provision of habitat and prey for a diverse range of animals are often 
the key ecological traits. Contrary to common perceptions, beaches and 
dunes contain a diverse and unique set of species, many of which are found 
nowhere else. In addition to the complement of highly adapted inverte" 
brates, many wildlife species (e.g. birds, turtles, fishes) are dependent on 
beaches and dunes for nesting and feeding, and they use these habitats 
extensively. Human pressures on sandy shorelines and their biodiversity 
are numerous. Coastal squeeze is, however, the most pervasive, trapping 
beaches and their biota between the pressures of development from the 
terrestrial side and the consequences of climate change from the marine 
side. Beaches are also naturally malleable habitats whose interlinkages, 
including the exchange of organisms, with the abutting dunes and surf 
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zones are essential to their functioning. Unfortunately, human actions 
intended to arrest the dynamics of beach habitats, such as seawalls and 
dune stabilizations, run counter to these natural dynamics and generally 
produce negative environmental outcomes. These present a set of formida-
ble management challenges when the primary goal is to conserve intact 
ecosystems and biodiversity, calling for more systematic approaches in 
conservation design and implementation for beach and dune ecosystems. 
INTRODUCTION AND BACKGROUND 
Values, functions, and ecosystem services of open-coast sandy beaches 
and coastal dunes 
The world's ocean shores are dominated by sandy beaches and coastal 
dunes, which form the single largest interface between the sea and the 
land (Bascom, 1980). Humans also concentrate in the coastal zone. By 
2020, three-quarters of the global population is predicted to live within 
Go km of the shoreline (UN CED, I992). As populations grow and continue 
to concentrate in the narrow coastal strip, human use of dunes and beaches 
will expand its geographic footprint and increase in intensity. Beaches, 
dunes, and their interconnected surf zones have always been pivotal resour-
ces for human society. 
Sandy beaches, coastal dunes, and surf zones have outstanding ecolog-
ical, social, economic, and cultural values, and they provide a diversity of 
ecosystem services through six broad categories of functions. 
1. Provision of habitat and biodiversity 
A diversity of plant and animal species, encompassing most phyla, inhabit the 
three interlinked landscape elements of surf zones, beaches, and coastal dunes. 
Diversity in these ecosystems arises from a heterogeneity of both living and 
abiotic elements (Mclachlan & Brown, 2006). The diversity of heterotrophs 
has a broad taxonomic ambit, including microbial diversity in the sands, 
protozoa in the surf zone, invertebrates from a broad spectrum of body sizes 
(e.g. micro-, meio-, and macrobenthos), and vertebrates from both the marine 
(e.g. seabirds, fishes) and terrestrial domain (e.g. shorebirds, mammals, rep-
tiles; Armonies & Reise, 2000; Gheskiere et aL, 2002; Foster et al., 2009). 
2. Geobiochemical traniformations and linkages 
Beach ecosystems are important sites of material processing and exchange 
in the coastal landscape. Nutrient regeneration and water filtration occur in 
the water body of the surf zones, the sand wedge of beaches, and the soil and 
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aquifers of dunes (Cisneros et al., 2on; Dugan et al., 2onb). Organic matter 
is supplied to coastal consumers either in the form of in-situ primary 
production (e.g. phytoplankton in the surf zone) or imports and sequestra-
tion of marine matter from the sea (e.g. plant wrack and strandings of 
animal carcasses) or terrestrial matter from the land (Polis & Hurd, 1996; 
Schlacher & Connolly, 2009; Kahn & Cahoon, 2012). 
3. Cultural connections 
Beaches and dunes represent irreplaceable sites of unique spiritual signifi-
cance for native people (e.g. burial grounds, ceremonial sites, shell mid-
dens; Beaton, 1985). Such cultural significance is not confined to historical 
or ancestral connections with the coastal landscapes of dunes and beaches, 
but extends into modern times. In many parts of the world, unique surf 
cultures flourish where beaches have gained near-iconic status; this cultur-
ally broad and widespread connection of people with beaches is also exten-
sively exploited in tourism marketing (Curran & Blakely, 2007). 
+ Recreation and socioeconomic associations 
Sandy beaches are prime sites for human recreation. More people use 
beaches for leisure activities than any other type of coastal system 
(Maguire et al., 2onb), and the value of beach-centered tourism is often 
higher than other forms (Houston, 2008). Beaches provide recreational 
opportunities for local people, and they underpin tourism in many areas. 
The importance of tourism, centered on beaches, is particularly great in 
small island states or in economies that have morphed from being primarily 
agriculture- or fisheries-based to relying strongly on coastal tourism (Klein 
et al., 2004; Barbier et al., 2on). 
5. Resource extraction 
Since antiquity, humans have exploited the coastal zone, extracting mineral 
resources and harvesting fish and shellfish. Beaches, dunes, and nearshore 
waters have always played a central part in such extractive uses (as evi-
denced by ancient shell and bone middens), and fishing and mining con-
tinue to be important activities in many regions around the world (Defeo, 
2003; Thornton et al., 2006). Some beaches serve as donor sites for sedi-
ments used in beach fill projects elsewhere (Jones et al., 2008). 
6. Provision of coastal land 
Coastal development was historically concentrated around harbors and 
estuaries, but in the twentieth century had expanded onto exposed 
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sedimentary coastlines. This trend of ribbon development is driven by 
beaches being viewed as attractive lifestyle assets (Pilkey et al., 2orr), 
requiring beaches to function as areas for hedonistic activities. To accom-
modate this culture, coastal dunes must play a dual role, first providing 
physical building sites and then protecting buildings from erosion and 
storms (Nordstrom, 2000, 2008; Landry & Hindsley, 2on). 
Key traits of beaches and coastal dunes as ecosystems 
To the casual observer, sandy beaches appear to be rather simple habitats 
consisting of a strip of bare sand with few (if any) topographic structures, no 
attached plants, and few readily apparent animals. Yet beach systems con-
tain structurally heterogeneous habitats that support rich biological com-
munities. For example, the interstitial habitat is especially important for 
species diversity, with hundreds of species of meiofauna (Brown, 2oor). 
Similarly, avian diversity on open-coast beaches can reach hundreds of 
species (Foster et al., 2009). Moreover, beaches constitute functionally 
dynamic ecosystems, belying common notions of plainness (Mclachlan, 
r983, 2001; Defeo & Mclachlan, 2005; Mclachlan & Brown, 2006). This 
diversity of form and function arises from a number of salient physical and 
ecological features (modified from Schlacher et al., 2008c): 
r. linkages between abutting seascape elements are the key characteristic 
of beach systems. Surf zones, beaches, and coastal dunes form a single 
functional unit, exchanging organisms, sand, organic matter, and 
nutrients. Beaches are largely open ecosystems, and they connect 
marine with terrestrial domains through biotic (e.g. animal movement, 
carrion strandings) and abiotic vectors (e.g. estuarine plumes interact-
ing with beaches, dune aquifers). 
2. The habitat of the surf-beach-dune unit is a dynamic one, formed and 
altered by variations in sand supply and energy fields from wind, waves, 
tides, and currents. Habitats are unstable, changing in morphology on 
several timescales. The shoreline position of these sedimentary coasts is 
naturally variable. 
3. Energy flows through the surf-beach-dune ecosystem are underpinned 
by two distinct sources of organic matter: (1) primary production by 
phytoplankton and dune plants; and (2) imports of, mostly marine, 
organic matter (e.g. wrack, carrion). These carbon sources are exploited 
by a broad range of consumers across several trophic levels, including 
iconic vertebrates, such as birds and mammals, which are the top 
predators and scavengers. 
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Beaches and coastal dunes as critical habitats 
Beaches and coastal dunes are important for vertebrates with strong cul-
tural and emotional associations with humans, such as marine turtles, 
fishes, mammals, and birds. Several species of endangered marine turtles 
rely on beaches as nesting sites. Conservation of their nesting habitat has 
become a critical concern because of predictions of heightened erosion 
under climate change and decreased habitat quality due to shoreline armor-
ing (Fish et al., 2005; Rizkalla & Savage, 2010; see also Chapter 10). 
Open-coast beaches and dunes are often overlooked as bird habitat, yet 
can rival many terrestrial habitats in terms of avian diversity and importance 
(Dowling & Weston, 1999; Meager et al., 2012). All parts of the sandy littoral 
zones (i.e. surf zones, non-vegetated beaches, and coastal dunes) host an 
array of coastal bird species and provide key foraging, shelter and breeding 
resources (Higgins et al., 1983-2006). Eroding sections of dunes can provide 
key breeding areas for ground-nesting species, while stable dunes may host 
burrow-nesting species (e.g. shearwaters), and dune vegetation provides sub-
strates for tree-nesting species (Higgins et al., 1983-2006). 
In this chapter we briefly summarize some key aspects of faunal diver-
sity of unvegetated beaches of open coasts, outline the main anthropogenic 
pressures on sandy shores and coastal dunes, and discuss facets of manage-
ment for biodiversity conservation of beach and dune ecosystems. 
FAUNAL DIVERSITY OF SANDY BEACHES AND 
COASTAL DUNES 
Known diversity of beach animals 
At first glance, biodiversity of sandy beaches and dunes appears sparse. Yet 
beaches and dunes contain a unique faunal biodiversity that encompasses a 
wide range of animal taxa, many of which live nowhere else. This generally 
underappreciated faunal diversity comprises three broad elements: (1) res-
ident/endemic/obligate invertebrate species, many of which are direct 
developers and hence have limited dispersal ability; (2) fish and invertebrate 
species that use beaches and surf zones for some portion of their life cycle; 
and (3) wildlife, including birds, reptiles, amphibians, and mammals, with 
varying degrees of dependence upon beach and dune ecosystems. Resident 
beach and dune animals often burrow into the shifting sand or have cryptic 
coloration, making them invisible to a casual visitor. On the wave-swept 
sand of open-coast beaches where no larger plants grow, most animals are 
also highly mobile. 
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The biodiversity of beaches and dunes features many wildlife species, 
including a number of threatened and endangered birds, mammals, and 
reptiles, most of which have strong connections to the sea. These wildlife 
species may be resident on beaches, depend on beaches and dunes for 
nesting, chick-rearing and pupping (Table 3-l), or use beaches during 
wintering and migration. Other wildlife are also common, such as raptors, 
vultures, and mammals, which are opportunistic predators of beach rook-
eries and nests, or are scavengers of wave-cast carrion. Successful nesting of 
birds, marine turtles, and some fish requires suitable upper beach and/or 
dune habitat that is relatively undisturbed by human activity, sparsely 
vegetated, and not regularly swept by waves during the nesting season 
(Table J.l, Figure 3.1; see also Chapter 10). 
Invertebrates 
Intertidal invertebrate communities of open-coast sandy beaches contain 
representatives of mobile animals from numerous phyla and classes. The 
major macroinvertebrate taxa on open-coast beaches are mollusks (dams 
and snails), arthropods (crustaceans, spiders, and insects), and annelids 
(polychaetes and oligochaetes) (Mclachlan & Brown, 2006). Almost all 
species are rapid and efficient burrowers, responding to wave-wash, ero-
sion, and turbulence (Ellers, 1995; Brown, 1996). Nemertea (ribbon 
worms) and a few echinoderms (primarily sand dollars) are also found on 
the unvegetated part of the beach. The far less well-studied interstitial 
meiofauna (animals < l mm in size and retained on a 30- or 60-micron 
sieve) can be remarkably diverse in beach sands (Armonies & Reise, 2000; 
Gheskiere et al., 2002, 2005; Lee & Riveros, 2012). 
Reported values of species richness of invertebrates on open-coast 
beaches vary widely between geographic regions (Soares, 2003; 
Mclachlan & Dorvlo, 2005; Defeo & Mclachlan, 2on). Beaches on the 
west coast of the Americas illustrate this geographic variation well, with 
large differences in invertebrate species richness between southern 
California and Chile. Californian beaches have some of the most species-
rich intertidal inverteprate assemblages reported for exposeq sandy shores, 
with up to 5~ specie~ identified in single surVeys and> lOO species (many of 
which are insects, including a number of flightless beetles) recorded on 
microtidal beaches in the region (Straughan, 1983; Dugan et al., 2000, 
2003). By contrast, a maximum of 14 species are found in single surveys 
of the intertidal zone of similar beach types in Chile at similar latitudes 
(Jaramillo & Mclachlan, 1993; Mclachlan et al., 1993). For other regions 
(e.g. Spain, Belgium, South Africa, Australia), typical values of species 
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Table 3.1 Examples of birds and fish that nest on open-coast sandy beaches and dunes. 
Taxonomic group Species 
Shorebirds 
Plovers 
Oysterca tchers 
Lapwings 
Thick Knees/ 
Stone 
Curlews 
Seabirds 
Skimmers 
Terns 
Gulls 
Penguins 
Sea turtles (seven 
species - all are 
endangered ot 
critically 
endangered) 
Fish 
Kentish and *snowy plovers (Charadrius alexandrinus, *C. a. 
nivosus, -1,c. a. tenuirostris, C. a. occidentalis) 
-!<Piping plover ( Charadrius melodus) 
Wilson's plover (Charadrius wilsonia, C. w. crassirostris) 
White-fronted plover (Charadrius marginatus, four subspecies in 
Africa) 
-!<Hooded plover (Thinornis rubricollis) 
•'<New Zealand dotterel ( Charadrius obscurus) 
Red-capped plover (Charadrius ruficapillus) 
Killdeer ( Charadrius vociferus} 
American oystercatcher (Haematopus palliatus) 
Australian pied oystercatcher { Haematopus ostralegus) 
"'Chatham Island oystercatcher ( Haematopus chathamensis) 
rAfrican black oystercatcher (Haematopus moquini) 
Masked lapwing (Vanellus miles) 
rBeach stone-curlew, Esacus giganteus or Beach Thick-knee 
Black skimmers ( Rynchops niger niger and R. n. intercedens) 
1 Damara tern (Sterna balaenarum) Africa (Watson et al., r997) 
-I< Least tern (-1' Sternula antillarum antillarum, * S. a. brown ii) 
.,.,Fairy tern (Sterna nereis) 
Crested tern ( Sterna bergii) 
Caspian tern (Sterna caspia) 
Common tern (Stema hirundo) 
Royal tern (Thalasseus maxima) 
Gull-billed tern (Gelochelidon nilotica) 
Laughing gull (Leucophaeus atricilla) 
Herring gull (Larus argentatus) 
-!<African or jackass penguin (Spheniscus demersus) 
1Gentoo penguin (Pygoscelis papua} 
King penguin (Aptenodytes patagonicus) 
•'<Green sea turtle ( Chelonia mydas) 
•'<Flatback sea turtle (Natator depressa) 
*Hawksbill sea turtle (Eretmochelys imbricata) 
10live ridley sea turtle (Lepidochelys olivacea) 
*Kemp's ridley sea turtle (Lepidochelys kempii) 
•'<Leatherback sea turtle (Dermochelys coriacea) 
*Loggerhead sea turtle (Caretta caretta) 
California grunion ( Leuresthes tenuis) 
•'< Currently listed as endangered or threatened. 
1 Vulnerable or near-threatened; IUCN Red List (2006). 
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Figure 3.1 A colony of jackass penguins (Spheniscus demersus) nesting on the 
upper beach just below the vegetation and above the average reach of tides on a 
beach in the Western Cape, South Africa (top), and a typical shallow nest scrape 
with snowy plover (Charadrius novisus) eggs on a California beach (bottom). (Photo 
credits: (top) Les Abernethy, (bottom) Callie Bowdish.) (See color plate section.) 
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richness for marine invertebrates are 25-32 species per beach (Mclachlan 
et al., l996a; Degraer et al., 1999; Soares, 2003; Rodil & Lastra, 2004; Rodil 
et al., 2006; Schlacher & Thompson, 2007). 
Reported values of species richness for intertidal macroinvertebrates on 
open-coast beaches are likely to be considerable underestimates. There is a 
highly diverse assemblage of insects and spiders in the transition zone between 
the beach and the dunes and in the coastal dunes themselves (Boomsma & 
Van Loon, 1982; Polis & Hurd, 1995, 1996; Bonte, 2005; Van Dam & Van 
Dam, 2008; Irmler, 2012; Yamazal<i, 2012). However, this component of 
invertebrate diversity is not customarily included in beach surveys, and there 
are also impediments in terms of unresolved taxonomies. Similarly, while 
some data on meiofaunal and microfaunal diversity are available (e.g. 
Armonies & Reise, 2000), much of it remains to be documented. 
At the population level, many resident beach species, particularly those 
with direct development (i.e. lacl<ing dispersing larvae) appear to be genet-
ically structured, indicating intraspecific diversity (De Matthaeis et al., 
1995)· By contrast, populations of species that possess planktonic larvae 
show much less genetic structure (Dawson et al., 2on). Genetic diversity, 
coupled with phenotypic and behavioral plasticity (Brown, 1996), can be 
interpreted as an adaptation to the dynamic and instable habitat of sandy 
shores (Soares et al., 1999)· 
Fishes 
The diversity of fishes inhabiting beaches and surf zones appears to be high 
but is not well documented in many regions due, in part, to the challenges 
of sampling the high-energy surf. Although only-10% of fish species that 
regularly occur in the surf zone may be considered resident, many species 
inhabit the low intertidal and surf zones of beaches for significant parts of 
their life cycle, including breeding, foraging, and as nursery grounds 
(Mclachlan & Brown, 2006). 
Surf-zone fishes are conventionally sampled with beach seine nets, with 
26 to> 70 species recorded in single surveys and with diversity declining as 
wave exposure increases (Bennett, 1989; Romer, 1990; Gibson & Robb, 
1996; Mclachlan & Brown, 2006; Inoue et al., 2008). Surf-zone fish 
communities are often dominated by a few species and exhibit very high 
spatial and temporal variability, with many species being opportunistic 
feeders (Clark et al., 1996). These assemblages also contain a high propor-
tion of juveniles, highlighting the functional importance of surf zones as 
nursery areas (Watt-Pringle & Strydom, 2003; Pattrick & Strydom, 2008; 
Haynes et al., 2012; Iseki et al., 2012). 
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Only the gobiid sand darters (Kraemeria spp.) that inhabit the low 
intertidal zone of coral sand beaches exposed to strong wave action in 
tropical and subtropical Japan and the Inda-Pacific can be considered true 
intertidal residents (Tsubaki & Kato, 2009). Beach-nesting fish, such as the 
California grunion (Leuresthes tenuis), depend on the uppermost intertidal 
zones of open-coast sandy beaches as spawning sites, burying their eggs at 
the wrack line on spring high tides to incubate there for at least 2 weeks 
(Martin et al., 2006). 
Turtles 
All seven species of marine turtles nest exclusively on beaches and fore-
dunes (Rumbold et al., 2001; see also Chapter 10; Table }1). The nesting 
behavior of marine turtles has evolved in a setting of natural variability and 
changing habitat through natural cycles of erosion and shoreline migration. 
However, lately the conservation of sea turtle nesting habitat has become a 
critical conservation concern because of predictions of heightened erosion 
under climate change (Fish et al., 2005). All marine turtle species share 
broad nesting requirements - deep, relatively loose sand above the high-tide 
line; the mechanisms by which females choose a beach or a site within a 
beach for nesting are, surprisingly, not fully resolved (Fuentes et al., 2010). 
What emerges from work on beaches that have been armored with seawalls 
is that physical habitat properties can influence turtle nesting frequency 
and hatching success (Rizkalla & Savage, 2010). It also is likely that turtles 
may use one or several microhabitat cues in nest site selection, including 
beach length, width, slope, orientation, vegetation, land use, temperature, 
dune profiles, and height (Witherington et al., 2011). 
Birds 
The diverse and abundant invertebrate communities on sandy beaches pro-
vide prey for a remarkably species-rich and abundant assemblage of shore-
birds in some regions. For example, shorebird density can average> 100 birds 
per km year-round for some Californian beaches (Hubbard & Dugan, 2003), 
and 242 species of coastal birds have been recorded on a single Texan sandy 
beach (Foster et al., 2009). 
Beach, dune, and surf-zone habitats support a range ofbird guilds, with 
a wide variety of life-history attributes and ecologies, that exploit coastal 
resources in many ways (Higgins et al., 1983-2006). Seabirds, including 
terns, gulls, scoters, grebes, pelicans, loons, and cormorants, feed on fish 
and invertebrates in the surf and lower intertidal zones. Beaches also 
function as roosting habitat for many seabird species; this is a critical 
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habitat function that will need to be considered more explicitly in species 
conservation, especially in the face of direct kills of roosting birds by 
vehicles and disturbance by human activities. Roosting areas are particu-
larly important for coastal diving birds, such as cormorants and pelicans, 
which need to dry their feathers regularly. 
A variety of bird species nest and rear their often precocial chicks on 
open-coast beaches and dunes (Tables 3-l and 3.2). Some seabirds, such as 
gulls and terns, nest in colonies, mobbing predators to protect their exposed 
nests and young. Others, particularly plovers and oystercatchers, depend on 
crypsis to conceal their shallow, solitary nest scrapes (Figure 3.1). Many of 
these species nest on the dry, upper part of the beach located between the 
toe of the vegetated foredune and the average reach of high tides, also 
known as the wrack line. Many terrestrial species also use or prefer coastal 
dunes (Higgins et al., 1983-2006). 
Marine mammals 
Pinnipeds, sea otters, and cetaceans feed on invertebrates and fish in the 
low intertidal and shallow surf zones of sandy beaches (Saayman & Tayler, 
1973; Gowans et al., 2007). Many pinnipeds, including endangered spe-
cies, such as the New Zealand sea lion (Phocarctos hookeri), breed and pup 
on sandy beaches, setting up large colonies that can dominate the habitat 
seasonally (Berta et al., 2006; Auge et al., 2012). Other species, such as 
harbor seals ( Phoca vitulina), haul out on beaches to rest and thermore-
gulate (Stewart, 1984). 
Natural processes affecting animal diversity 
The main drivers of intertidal biodiversity on open-coast beaches include 
four complementary sets of processes: (r) physical features and coastal 
processes; (2) oceanographic conditions; (3) biological interactions; and 
(4) population dynamics, all operating across a broad range of temporal 
and spatial scales. Physical attributes (e.g. slope, wave height, grain size) 
have been shown to influence intertidal macrobenthic diversity, abundance, 
and biomass on many beaches worldwide (Soares, 2003; Mclachlan & 
Dorvlo, 2005; Defeo & Mclachlan, 2orr; Barboza et al., 2012; Gomez & 
Defeo, 2012; Rodil et al., 2012). 
One of the most widely cited predictive models in beach ecology is the 
relationship between invertebrate metrics (e.g. abundance, biomass, spe-
cies richness) and beach characteristics (Mclachlan, 1990). Generally, wide 
beaches that slope gently and are built from fine sands contain more species 
than steeper, shorter, and coarser beaches. Wider beaches tend to be fronted 
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by wide surf zones where most of the wave energy is dissipated across sand 
bars in multiple rows of breakers. This creates relatively gentle swash flow 
conditions in the intertidal zone that are favored by many beach species 
(McArdle & Mclachlan, 1992). Conversely, narrow beaches usually have 
narrow surf zones with no or few breakers. Here, wave energy hits the 
intertidal zone directly, creating harsh and turbulent water movement in 
the swash zone, which excludes species (Defeo et aL, 2001). Most of the 
world's exposed beaches are intermediate between these two extremes. 
Bottom-up drivers (e.g. quantity and quality of organic matter inputs) also 
affect food webs and biodiversity, especially at higher trophic levels, in 
many coastal ecosystems, including beaches (e.g. Dugan et al., 2003). 
These factors can interact with physical drivers to influence coastal food 
webs and their biodiversity (Box 3-3; Byrnes et al., zon; Revell et al., 2on). 
Intertidal food webs and their biodiversity on beaches depend primarily 
on organic matter imported from the sea; phytoplankton, marine macro-
phytes (e.g. detached large algae and seagrass cast ashore by waves) and 
carrion provide trophic subsidies that form the base ofbeach food webs (Box 
3.1; Polis & Hurd, 1995, 1996; Colombini & Chelazzi, 2003; Mclachlan & 
Brown, 2006; Rossi et al., 2010; Schlacher & Hartwig, 2013); some ener-
getic contributions can also be made by terrestrial sources in setting close to 
estuaries that deliver upland material to sea and beach food webs 
(Bergamino et al., 2012). Primary consumers include suspension-feeding 
clams, hippid crabs, mysids, and amphipods that filter plankton from the 
wave wash, and wrack-feeding amphipods, isopods, and insects that feed on 
drift material deposited at the strandline by waves. Where primary produc-
tion is relatively low, beaches support scavenging ghost, hermit, and hippid 
crabs that feed on wave-cast carrion (Schlacher et al., 2007b). The depend-
ence of beach food webs on allochthonous resources results in strong 
bottom-up effects that propagate upwards to avian and other predators 
(Figure 3.2, Box 3-1). In temperate regions where planktonic productivity 
is high, much of the intertidal invertebrate abundance and biomass consists 
of suspension feeders, such as clams and sand crabs. In regions where large 
marine algae and seagrass grow close to beaches, smaller invertebrates 
associated with stranded macrophytes can be abundant and diverse 
(Dugan et al., 2003; Lastra et al., 2010). 
Beach invertebrates and carrion provide prey for shorebirds, seabirds, 
raptors, fish, and pinnipeds, as well as some terrestrial vertebrates 
(Carlton & Hodder, 2003). Beaches in developed regions may provide 
prey resources that are no longer available in coastal wetlands lost to 
development (Hubbard & Dugan, 2003). Abundant suspension feeders, 
I Birds 
Open-coast sandy beaches and coastal dunes I 49 
Intertidal 
Invertebrates 
.... . ,Fish m •••••• •' I 
t 
Zooplankton 
. /_J__~,~ - r 
'Maw~~~ ::, ---( Beach/Surf "~ [ Phytoplankton 
'--=--.--"-"-------' --- 1 Zone l · · t t \,~c~:acteri::/" t 
Kelp Forests, 
Seagrass Beds 
& Reefs 
Coastal Ocean 
l Processes · ... ~--· -~~·-~-·-···~-···- ~·----
Figure 3.2 Conceptual model of the main functional linkages that characterize 
food webs of open-coast beaches in temperate regions. 
such as clams and sand crabs, that inhabit beaches are important prey 
resources for shorebirds, herons, seabirds, fish, and pinnipeds, as well as 
a variety of terrestrial mammals and birds (Mclachlan & Brown, 2006; 
Peterson et al., 2006). Smaller-sized but abundant invertebrates associated 
with wrack are also important as prey for wildlife, primarily birds and 
terrestrial mammals (see Box }I). 
The influence of episodic extreme events, such as hurricanes, cyclones, 
storms, El Nino Southern Oscillations (ENSOs), earthquakes, and tsunamis 
on the dynamics of beach and dune ecosystems needs be considered in the 
conservation and management of these ecosystems and their biodiversity 
(Box }2). Episodic events can cause large impacts and produce lasting 
changes to beach ecosystems (Arntz et al., 1987; Lucrezi et al., 2oro; 
Harris et al., 2on; Revell et al., 2on; Jaramillo et al., 2or2). Ecological 
changes are mediated or produced via changes to sand supply and charac-
teristics, beach and dune morphology, and mortality of existing populations 
and communities. Recovery times vary widely; some components may 
recover rapidly after episodic events (Harris et al., 2on; Jaramillo et al., 
2012), while others may take years to decades to recover (Box }2; Arntz 
et al., r987; Revell et al., 2on). 
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: : l Box 3.1 Wrack and carrion on beaches - much more to it than mere flotsam l . . . . 
Plant material (e.g. seagrass, large algae) and carrion (animal carcasses) that 
become stranded on sandy beaches are critical to the functioning of these 
ecosystems. 
(1) Wrack links the nearshore marine zone with the beach and dunes. Marine 
matter is transferred across the surf zone to become an important source 
of nutrients in the littoral zone (Colombini & Chelazzi, 2003; Orr et al. , 
2005b; Colombini et al., 2009; Barreiro et al., 2013). 
(2) Wrack provides habitat and food. For example, in California, over 40% of 
intertidal species depend on wrack as a source of food and habitat. 
Beaches that are regularly groomed or raked support considerably fewer 
species of invertebrates at much lower abundance (Llewellyn & Shackley, 
1996; Dugan et al., 2003; Rossi et al., 2010; but see Porri et al., 2orr). 
(3) Wrack forms islands of biodiversity, with larger patches harboring more 
species (Olabarria et al., 2007; Pelletier et al., 2orr; MacMillan & Quijon, 
2012). 
(4) Wrack underpins food webs culminating in birds. Invertebrates 
associated with wrack are a key trophic source for coastal birds. Shorebird 
use of beaches is positively correlated with the availability of wrack and the 
diversity and abundance of invertebrate prey, as well as beach type and 
width (Tarr & Tarr, 1987; Dugan et al., 2008; Meager et al., 2012) . 
(5) Carrion is a high-quality food source that attracts a diversity of vertebrate 
scavengers, including endangered birds of prey (Rose & Polis, 1998). 
Figure Box J.I The precocial chicks of many species of 
beach-nesting shorebirds must feed themselves with beach and dune 
invertebrates soon after hatching. Prey availability could be a factor in the 
fledging success of some populations of these species, many of which are 
threatened or endangered. This young western snowy plover (Charadrius 
nivosus) chick has captured a talitrid amphipod on a California beach -
these talitrid amphipods are dependent on wrack as a food source. (Photo 
credit: Callie Bowdish.) (See color plate section.) 
. . ...................................................................................................... 
Box 3.2 Beaches and external drivers - an ENSO example 
Beaches on open coasts are malleable habitats, continually reshaped by 
variations in wave regimes, wind strength and direction, and variable sand 
supply. Changes in ocean dynamics also appear important as determinants of 
ecological functioning in these ecosystems. 
The response of Californian beaches to the 1997-1998 El Nino Southern 
Oscillation (ENSO) illustrates these links and feedbacks between oceanic con-
ditions and biodiversity in beach ecosystems. These links appear first mediated 
by changes in the amount of wrack material delivered to the shore. Wrack 
delivery, in tum, depends on the condition and productivity of nearby reefs and 
kelp forests, and the availability of upper beach habitat to retain wave-cast 
wrack, both of which were impacted by the ENSO (Revell et al., 2on). 
In these same beaches, wintering shorebirds were sensitive indicators of 
climatic events and the associated change in beach ecosystem conditions. 
Species richness and abundance of shorebirds, illustrated here by a numeri-
cally dominant wintering species, sanderlings (Calidris alba), responded 
strongly to the 1997-1998 ENSO event in the region. Abundance and diver-
sity of shorebirds remained low through 1999 and had not recovered to pre-
ENSO levels after 3 years. This may reflect shorebird mortality during the 
event and a lack of prey resources on eroded beaches. 
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Figure Box 3.2 Fluctuations in the cover of macrophyte wrack (top panel) 
and sanderling abundance on a California beach in relation to the 
1997-1998 ENSO event (shaded area) (Revell et al., 2on). 
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However, episodic events can also create habitats (Jaramillo et al., 2012). 
Delivery of sediments from watersheds during heavy rains can supply 
beaches with sand for years (Barnard et al., 2012). Beach rotations caused 
by ENSO events can create wider beaches in some areas, while other 
sections erode intensely (Revell et al., 2on). Washover fans created by 
hurricanes, or river deltas or spits that form after floods, can create nesting 
habitat for birds (Cohen et al., 2009). 
With few exceptions, habitat requirements (at a micro or macro scale), 
and the processes that influence them, are poorly understood for coastal 
birds and wildlife (but see Meager et al., 2012). In particular, many wildlife 
species, such as shorebirds, turtles, and seabirds, use areas of beaches and 
dunes that are spatially and temporally dynamic, often with little or no 
vegetative cover, including in some cases dredge spoils (Erwin et al., 1981). 
Coastal landscape features that influence wildlife distributions include land-
form, complexity of coastlines, intertidal and total area, beach width and 
slope, relative isolation (as in islands), vegetative cover, proximity to wet-
lands, and the degree of urbanization (Nicholls & Baldassarre, 1990; Dugan 
et al., 2008; LeDee et al., 2008; Meager et al., 2012). Heterogeneity among 
beach and dune habitats may be as important as specific habitat features. 
Coasts can conceivably be fragmented as habitats, even for species 
capable of flying or swimming; for example, habitat breaks of 50 km (e.g. 
a large coastal city) may theoretically reduce movement rates of some 
obligate beach-dwelling birds (Weston et al., 2009). In addition, the narrow 
strip of beaches and dunes lining the shore can form an important coastal 
corridor for terrestrial wildlife (Carlton & Hodder, 2003). 
Functional links 
The diversity and abundance ofbirds and wildlife in beaches, coastal dunes, 
and surf zones is not known for most shores. Similarly, landscape ecologists 
and biogeographers have largely neglected these systems. For example, 
although overall levels of bird endemism are relatively low in beaches and 
dunes compared with tropical uplands or islands, coasts support a substan· 
tial diversity and abundance of birds, often at critical phases of their life 
histories, such as during migration and breeding (Higgins et al., 1983~ 
2 o o 6). A better understanding of the factors that influence bird and wildlife 
diversity on beaches and dunes requires better species distribution data 
than presently exist. Few countries have comprehensive survey data of 
coastal birds or wildlife; exceptions include areas where surveys have been 
conducted for threatened species or to guide responses to oil spills 
(Nicholls & Baldassarre, 1990; Roob et al., 2000; see also Chapter n). 
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The functional links between biodiversity and ecological function are 
known for some components of beaches and dunes but remain unmeasured 
for many others. Several important ecosystem functions are driven more 
strongly by physical processes than biodiversity. Such processes include sand 
storage and transport, wave dissipation and buffering of extreme events, 
ability to respond dynamically to sea level rise (within limits), water filtration 
and purification both from terrestrial and marine sources, water storage in 
dune aquifers, and groundwater discharge through beaches (Schlacher et al., 
2008c). Functions that may be more directly affected by biodiversity 
include the breakdown of organic materials and pollutants, nutrient miner-
alization and recycling (Box 3-3), community resilience, maintenance of 
genetic resources, nursery areas for juvenile fishes, nesting sites for turtles, 
birds, and mammals (Table }l), provision of prey resources for birds and 
terrestrial wildlife, and functional links between terrestrial and marine envi-
ronments in the coastal zone (Mclachlan & Brown, 2006; Schlacher et al., 
2008c). In wind-swept sand dunes just landward of the beach, a variety of 
uniquely adapted plant species take root, acting as ecosystem engineers to 
modify the unstable sand and shape the dunes, which then affects sand 
accretion, storage, and erosion as well as biodiversity, community succession 
and wildlife support (Nordstrom & Mauriello, 2001; Nordstrom et al., 2on). 
Beaches are sites of intense biogeochemical processing of organic mat-
ter (Box 3-3; Coupland et al., 2007), which contribute to nearshore nutrient 
and carbon cycling (Pearse et al., 1942; Soares et al., 1997; Rauch & Denis, 
2008; Avery et al., 2012; Barreiro et al., 2013). As one of the most important 
ecosystem functions of beaches, processing of organic matter can be closely 
tied to biodiversity because it forms critical nutrient and energetic links 
between marine waters and the beach-dune system (Boxes }1 and 3-3; 
McGwynne et al., 1988; Colombini et al., 2009; Dugan et al., 2onb; 
Barreiro et al., 2013). Storm-cast wrack can also act as an ecosystem engi-
neer that promotes the establishment and formation of hummock and 
embryo dunes, and it provides nutrients for colonizing plants (Dugan & 
Hubbard, 2010; Nordstrom et al., 2on). 
Beaches that support surf-zone diatom accumulations can function 
more like semi-enclosed ecosystems. Here, these resident primary pro-
ducers in the surf zone support extremely productive intertidal food webs, 
dominated by suspension feeders (usually clams) that recycle nutrients 
to the surf zone and support wildlife and fish (Soares et al., 1996, 1997; 
Mclachlan & Brown, 2006). Rich persistent accumulations of surf dia-
toms that form in the well-developed surf zones of wide sandy beaches of 
sufficient length have been reported from Australia, New Zealand, South 
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Box J. 3 Beaches process organic matter and recycle nutrients 
Conversions of organic matter through macroscopic food webs, the micro-
bial loop, or bacteria-mediated nutrient mineralization, are ubiquitous in 
beach systems. On beaches with large accumulations of wrack, rates of 
carbon respiration can even exceed those measured in tropical rainforests 
(Coupland et al., 2007). 
The deposition, accumulation, and processing of marine macrophyte wrack 
illustrate these processes well. Intertidal invertebrates quickly consume 
stranded drift matter, creating particles that are available to the interstitial 
meiofaunal and microbial communities that affect rapid turnover and remi-
neralization of organic matter (Koop & Field, 1981; Koop & Griffiths, 1982; 
Griffiths et al., 1983). Invertebrate consumers are capable of consuming 
between 50% and 70% of the annual input of kelp wrack (> 2 tons/m per 
year) to beaches (Griffiths et al., 1983; Lastra et al., 2008). Mineralization of 
wrack on beaches may supply nutrients to nearshore primary producers, such 
as seagrasses and kelps (Dugan et al., 2orrb), creating connectivity and 
exchange of key resources among abutting ecosystem components. 
Figure Box 3.3 A narrow bluff-backed beach that receives high inputs of 
macrophyte wrack from nearshore giant kelp forests and reefs. These 
cross-boundary transfers of organic matter (e.g. seagrass, algae, carrion) 
support high numbers of invertebrate species at high densities. 
Invertebrates consume a large fraction of the material imported from the 
sea. Bacteria and meiofauna in the sediment further process this material, 
and mineralized nutrients are returned to the nearshore zone, further 
linking abutting components of the surf-beach-dune system. (See color 
plate section.) 
Open-coast sandy beaches and coastal dunes I 55 
.. 
Africa, Brazil, and the northwestern and gulf coasts of the United States 
(Campbell, 1996). 
The role of wildlife in ecosystem functioning is diverse, yet under-
appreciated (Sekercioglu, 2006). In coastal environments, wildlife are 
likely to support a range of ecosystem functions, many related to land-
scape connectivity. For example, pollination and seed dispersal of dune 
plants, alteration of dune geomorphology through burrowing, and regu-
lation or support of ecosystem functions through trophic interactions 
(e.g. onshore transfer of marine nutrients by seabirds, pinnipeds, or 
turtles) are some of the important ecological functions fulfilled by wildlife 
species on dunes and beaches. 
In summary, much of the faunal diversity of beaches and coastal dunes 
is undocumented and its roles in ecosystem functioning unexamined. Both 
adequately cataloging the wealth of species that reside on, and use, sandy 
beaches and dunes, as well as understanding biological and evolutionary 
processes that drive this diversity, is required to more effectively address the 
conservation of these dynamic ecosystems perched on the edge of the sea. 
PRESSURES ON BIODIVERSITY AND THEIR EFFECTS 
Introduction 
Sandy beaches and dunes are squeezed between the continual expansion of 
coastal settlements on the terrestrial side and the effects of climate change on 
the marine side (reviewed by Cooper et al., 2009; Jones, 2012). Consequently, 
sandy beach ecosystems experience numerous anthropogenic pressures, 
with effects at all levels of biodiversity apparent or probable. 
These pressures can be classified in various ways. First, they can be 
direct (e.g. pollution) or indirect (e.g. damming rivers reduces the sediment 
supply to beaches). Second, pressures can be hierarchically arranged into a 
causal chain, starting with ultimate pressures (root causes) and ending with 
proximate pressures (the immediate factors eliciting a biological response). 
For example, the growth of human populations and economies constitute 
ultimate pressures that elicit primary changes in the biogeosphere (e.g. 
higher atmospheric C0 2 concentrations, coastal development). Increased 
C02 produces second-order effects (e.g. warmer air and water), third-order 
effects (e.g. sea level rise), and lower-order effects (e.g. beach erosion, 
habitat loss) . Similarly, the lack of public appreciation of beaches as habitat 
supporting unique assemblages is an ultimate factor leading to many other 
pressures, such as inadequate beach management and land-use planning. 
Management often addresses the direct and proximate pressures, while 
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indirect and ultimate pressures are usually ignored, or even welcomed if 
they result in economic growth. Third, pressures can be classified according 
to their duration. Those operating for a short time are termed pulse dis-
turbances, whereas those of greater duration are termed press disturbances 
(Bender et al., 1984); ramp pressures are presses whose effects worsen over 
time (Lake, 2000). In theory, recovery is possible after pulse disturbances 
but, in practice, pulse disturbances are often repeated (e.g. beach grooming, 
nourishment), causing recovery to be incomplete. Finally, pressures and 
disturbances almost never act in isolation from each other, but rather are 
usually interactive, additive, or synergistic. Consequently, the magnified 
effects of co-occurring pressures must be considered, as does the context 
and scale (e.g. local vs. regional effects), legal requirements, level of eco-
nomic development, and the availability of scientific/technical expertise. 
As well as causing direct mortality, pressures often impact biota by 
altering or eliminating habitat and resources. Habitat loss, alteration, and 
fragmentation are particularly important on sandy beaches because the 
substratum is mobile and subject to various erosive forces. Loss of connec-
tivity is also important as beaches have strong links to dune, nearshore 
oceanic systems and estuarine systems (Sherman et al., 2002; Mclachlan & 
Brown, 2006; Schlacher & Connolly, 2009). 
In addressing pressures and their effects, there has frequently been 
semantic ambiguity. For example, the term impact sometimes refers to a 
cause and sometimes to an effect, but it is most accurately applied to effects 
only. The term pressure is synonymous with both threat and stressor, describ-
ing human activities that are the causes of change. Degradation, stress, 
response, and impact are effects arising from these causes. 
A caveat is that the empirical investigation of, and controlled exper-
imentation on, these pressures is often sparse, limiting the confidence 
and generality of conclusions about impacts. As well, the gradual nature of 
some pressures (e.g. climate change) may allow assimilation or evolu-
tionary adaptation. For example, the effects of slowly increasing warming 
or acidification, while potentially serious, cannot be predicted with great 
confidence. Nonetheless, the combination of available studies and con-
ceptual understanding suggests strongly that sandy shores are vulnerable 
to numerous pressures (Table 3.2), especially coastal development and 
climate change (Jones et al., 2007; Cooper et al., 2009; Jones, 2012). 
Pressures and biological responses 
Arguably the greatest threat to sandy beach ecosystems comes from the 
interaction of human coastal development and climate change, both of 
Table 3.2 Main pressures on sandy beaches and their impacts. 
Underlying 
threat 
Climate change 
Recreation 
Pollution 
Component pressures and impacts 
Sea level rise and altered storm and wave regimes, causing 
accelerated erosion and shoreline retreat 
Increased temperature, affecting phenology, physiology, geographic 
range, assemblage composition, functional and reproductive 
traits of beach and dune biota 
Altered circulation regimes and upwelling, affecting nearshore 
primary productivity and larval dispersal 
Altered precipitation, affecting beach aquifers, dune plants, 
nearshore salinity, and nutrient exports from estuaries 
Acidification (decreased pH), causing tissue acidosis, reduced 
calcification 
Off-road Vehicles, lowering habitat quality and stability, destroying 
dune vegetation, crushing beach animals, reducing prey for birds 
and fishes, disturbing and killing wildlife, and altering fauna 
distribution and behavior 
Trampling and camping, impacting cover, abundance, and diversity 
of dune and beach species 
Surf-zone activities (jet skis, boats), adding to noise and chemical 
pollution, disturbing wildlife 
Recreational fishing and bait collecting, affecting targeted 
populations of invertebrates and fishes 
Sewage and stormwater, changing the chemistry of sand prism, 
aquifer and nearshore waters and transferring sewage-derived 
nutrients to beach consumers 
Litter is detrimental to invertebrates and wildlife through ingestion 
and entanglement 
Key reference(s) 
......... ·-··~····· ..... ········· .. 
(Galbraith et al., 2002; Feagin et al., 2005; Webster et al., 2005; Slott et al., 
2006; Greaver & Sternberg, 2007; Stockdon et al., 2007; Aiello-lammens 
et al., 2on; Harris et al., 2on) 
(Philippart et al., 2003; Stillman, 2003; Schiel et al., 2004; Helmuth et al., 
2005; Harley et al., 2006; Hawkes et al., 2007; Ricciardi, 2007; Saba et al., 
2007; Byrne, 2on; Doney et al., 2012) 
(Hays et al., 2005; Levin, 2006; Barth et al., 2007) 
{Mclachlan & Turner, 1994; Burnett et al., 2003; Gaston et al., 2006; 
Greaver & Sternberg, 2007; Schlacher et al., 2008a, 2008d; Schlacher & 
Connolly, 2009; Fanini et al., 2012a, 2orzb) 
(Feely et al., 2004; P6rtner et al., 2004; Orr et al., 2005a; Raven, 2005; Byrne, 
2on) 
(Godfrey & Godfrey, 1980; Wolcott & Wolcott, 1984; Buick & Paton, 1989; 
van der Meiwe, 1991; Rickard et al., 1994; Williams et al., 2004; Groom 
et al., 2007; Schlacher et al., 2007b [2008b, 2008e]; Schlacher & 
Morrison, 2008; Schlacher & Thompson, 2008; Thompson & Schlacher, 
2008; Sheppard et al., 2009; Schlacher & lucrezi, 2010a, 2orob, 2oroc; 
Walker & Schlacher, 2ou) 
(Hackings & Twyford, 1997; Moffett et al., 1998; Fanini et al., 2005; 
Schlacher et al., 2oua; Schlacher & Thompson, 2012; Vieira et al., 2012) 
(Davenport & Davenport, 2006) 
(Defeo & de Alava, 1995; Mclachlan et al., 1996b) 
(Schlacher & Connolly, 2009) 
(Derraik, 2002; Andrady, 2on; Cole et al., 2on; Hidalgo-Ruz et al., 2012) 
Table 3.2 (cont.) 
Underlying 
threat 
Construction 
Ecologically 
harmful 
beach 
management 
Invasive species 
Damming of 
nvers 
Resource 
exploitation 
Component pressures and impacts 
Heated effluent (thermal pollution) can change intertidal 
assemblage structure 
Oil, metals, and organic contaminants, negatively affecting 
abundance, diversity, health, and assemblage structure of beach 
and dune fauna 
Buildings, infrastructure, roads, etc. degrade, curtail, or eliminate 
natural dune habitat and impose noise and light pollution 
Grooming (raking, deaning) eliminates essential habitat and food 
resources for beach biota, impedes dune formation, lowers beach 
stability, and disrupts nutrient regeneration 
Nourishment causes large-scale mortality of beach invertebrates and 
may require bulldozing that can crush biota and cause sediment 
compaction; recovery may be possible if ecologically benign 
practices are carefully adopted 
Armoring (seawalls, groins, revetments, breakwaters) disrupts 
sediment transport, causes beach narrowing, eliminates habitat 
and lowers fauna occurrence, abundance, and biodiversity, 
including turtles and birds 
Non-native predators prey on birds and eggs. Invasive dune plants 
exclude native species and reduce habitat availability and quality. 
Non-native algae and seagrass species change wrack properties 
Reduction in sediment supply amplifies erosion 
Fisheries can overharvest target species 
Mining alters, contaminates, or eliminates habitat, imposes 
mortality, and exacerbates erosion 
Adapted from Schlacher et al., 2008c. 
Key reference(s) 
(Barnett, 1971) 
(Burnett, 1971; Siegel & Wenner, 1984 Haynes et al., 1997; Jones, 2003a; de 
la Huz et al., 2005; Junoy et al., 2005; Ungherese et al., 2oro; Schlacher 
et al., 2onb) 
(Small & Nicholls, 2003; Bird et al., 2004; Longcore & Rich, 2004; 
Nordstrom, 2008; Nordstrom et al., 2on; Noriega et al., 2012) 
(Llewellyn & Shackley, 1996; Engelhard & Withers, 1999; Dugan et al., 
2003; Martin et al., 2006; Garrido et al., 2008; Dugan & Hubbard, 2010; 
Dugan et al., 2onb; Gilburn, 2012) 
(Peterson et al., 2000; Peterson & Bishop, 2005; Peterson et al., 2006; 
Speybroeck et al., 2006; Jones et al., 2008; Schlacher et al., 2012) 
(Dugan & Hubbard, 2006; Dugan et aL, 2008; Walker et al., 2008; Fanini 
et al., 2009; Rizkalla & Savage, 2010; Dugan et al., zona) 
(lnderjit et al., 2006; Maslo & Lockwood, 2009; Burkitt & Wootton, 2on) 
(Sherman et al., 2002; Willis & Griggs, 2003; Finkl & Walker, 2004) 
(Mclachlan et al., 1996b; Kyle et al., 1997; Clark et al., 2002; Defeo, 2003) 
(Ramirez et al., 2005; Simmons, 2005) 
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which are, ultimately, a product of economic and human population 
growth. Climate change encompasses several proximate, pervasive conse-
quences for beaches, including accelerated erosion (via sea level rise and 
increased storminess), warming, changed hydrology, and acidification (see 
Jones, 2012). The extent of ecological response to these pressures may vary 
from negligible (e.g. evolutionary adaptation or acclimation to falling pH 
and warming) to extreme (e.g. beach habitat heavily eroded or lost). 
Warming of the ocean is already underway and is likely to affect the 
phenology, physiology, geographical range, composition ofbeach biota, and 
some ecological processes (Schiel et al., 2004; Doney et al., 2012). However, 
these effects may be subtle rather than dramatic; water temperatures will 
rise less than the air, many beach species can burrow to evade extreme heat, 
and the change may be sufficiently gradual to allow adaptation or acclima-
tion. The species most vulnerable would be those now living close to their 
upper thermal limit and unable to shift to cooler latitudes. While larval 
dispersal may facilitate shifts in some species, those with direct develop-
ment, such as peracarid crustaceans (an important component of beach 
macrofauna), would be constrained. 
Direct effects of warming include functional and reproductive pro-
cesses. For example, photosynthesis, decomposition, and nutrient recycling 
will be accelerated, and egg-laying vertebrates will be affected by warmer 
temperatures. For beach-nesting birds, warming may reduce the survival of 
eggs and increase sensitivity to disruption of incubation (Weston & Elgar, 
2007). Warming may also have indirect effects on beach biota, including 
changes to temperature-sensitive plankton (the food of suspension-feeding 
beach macrofauna) and to the nearshore hydrology, which may affect larval 
dispersal of beach invertebrates. 
Ocean acidification is occurring because ofincreasing dissolution of atmos-
pheric C02 • Surface waters are already 0.1 pH units less than pre-industrial 
levels and are projected to decline between 0.14 and 0.35 units over the twenty-
first cenhlry (Solomon et al., 2007), changes not seen for about 20 million 
years (Brewer, 1997)· This acidification can potentially affect many biogeo-
chemical conditions and processes and may have influenced the Permian 
Triassic mass-extinction events (Bambach et al., 2002; Berner, 2002). 
Of major significance is the undersaturation of both aragonite and 
calcite forms of carbonate. This trend may have both physical (e.g. a 
reduction in the supply of carbonate sediments to beaches) and biological 
effects (e.g. shelled beach invertebrates, such as mollusks and crustaceans, 
are calcium-dependent). If mollusk and crustacean shells weaken, these 
species may become ·more vulnerable to predation, abrasion, by storms and 
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crushing by vehicles. As well, lower pH can cause tissue acidosis with 
effects on the development and growth of adults and the larvae of many 
calcifying beach species (Dupont et al., 2008; Kurihara, 2008; Portner, 
2008; Byrne, 2on). Alternatively, beach invertebrates may be pre-adapted 
to lowered pH because the turbulent surf zone may naturally be saturated 
with C02 and the pH of the interstitial water varies naturally over tidal and 
circadian cycles (Pearse et al., r942; P6rtner et al., 2004). In consequence, 
interstitial species, such as nematodes and harpacticoids, can tolerate both 
varying pH and temperature (Wieser et al., 1974)· 
Recreation on beaches incorporates several proximate pressures with 
various impacts. For example, off road vehicles (ORVs) severely disturb 
beach and dune habitats, crush invertebrates, destroy dune vegetation, 
and cause a range of physiological and behavioral changes to the biota of 
beaches and dunes (Wolcott & Wolcott, 1984; van der Merwe, 1988; Moss & 
McPhee, 2006; Groom et al., 2007). Camping and trampling in coastal 
dunes disturbs sensitive foredune areas and can severely affect dune flora 
and fauna (Schlacher et al., 2ona). These human activities and the mere 
presence of humans disturb shorebirds, affecting their feeding, reproduc-
tive behavior, and survival (Dowling & Weston, r999; Weston & Elgar, 
2005, 2007; Weston et al., 2on). In some instances, temporal decoupling 
of threat and ecological process can provide some relief for nesting or 
sensitive beach biota. For example, beach closures during the nesting 
season are used to protect plovers (Lafferty et al., 2006), and on 
Mediterranean beaches, sandhopper amphipods recruit in spring while 
the high tourist season occurs in summer (Fanini et al., 200 5). 
Pollution of sandy shores involves oil, sewage, metals, plastics, pesticides, 
fertilizers, light, and sound. Pollution constitutes either a pulse (e.g. oil spill) 
or a press (e.g. sewage outfall) stressor. Oil spills can affect species through 
toxic effects on individuals, clogging of animal feeding appendages and 
reducing oxygen tensions in the sand (de la Huz et al., 2005; Bernabeu 
et al., 2006). Recovery should be possible from pulse pressures, but this 
depends on the persistence of the oil in beach sediments and the availability 
of individuals nearby to recolonize oil-affected areas (Junoy et al., 2005; 
Schlacher et al., 2onb). It appears that talitrid and exoedicerotid amphipods 
are sensitive to oil pollution but are able to recover (Jones, 2003a; de la Huz 
et al., 2005; Barca-Bravo et al., 2008; Ottaviano & Scapini, 2010). However, 
recovery rates are variable; meiofauna may recover within a year (Mclachlan & 
Harty, 1982), whereas the macrofauna can be affected for many years (Teal & 
Howarth, r984). Humans often attempt to ameliorate the effects of oil spills 
with responses focusing on primarily charismatic vertebrates, generally 
neglecting other ecosystem components (Weston et al., 2008). 
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Sewage pollution causes organic enrichment, lowers dissolved oxygen, 
and raises the redox discontinuity in the sand. These eutrophic effects can 
cause algal blooms in sheltered bays (Gowen et al., 2000). Metal pollution 
can reduce both species diversity and abundance of economically valuable 
species (Castilla, 1983; Haynes et al., 1997)· Plastics can be an issue as large 
particles (ingested by seabirds and turtles), microplastics, and as entangle-
ment agents (Derraik, 2002; Claereboudt, 2004; Andrady, 2on; Cole et al., 
2on; Hidalgo-Ruz et al., 2012). Organochlorines, including the pesticide 
DDT, have been shown to accumulate in beach species, such as hippid crabs 
(Burnett, 1971). As these are prey for birds, fish, and mammals, there is the 
potential for trophic transfer, possibly even to humans. Dunes also experi-
ence pollution, usually from terrestrial sources. For example, fertilizer from 
landward agriculture can affect plant communities (Ranwell, 1972). Finally, 
light and sound from human sources can significantly affect animal behav-
ior (Bird et al., 2004; longcore & Rich, 2004). 
Resource exploitation imposes direct mortality (i.e. fisheries) or severely 
alters or reduces habitat (e.g. mining). Although the most common fish-
eries on beaches are small in scale, impacts can be ecologically and eco-
nomically significant because target species, such as bivalve mollusks, 
occur in patches that are easily overfished (Mclachlan et al., l996b). 
Although recovery often occurs, it can be delayed or prevented by other 
stressors, including erosion. Beaches have long been mined for lime, 
aggregate, diamonds, and heavy metals. Mining directly damages beach 
and dune habitat, alters the sediment budget, and exacerbates erosion with 
negative effects on shorebirds and invertebrates (Mclachlan, 1996; 
Simmons, 2005). Beach communities may also be affected by the dumping 
of rubble (Fanini et al., 2009). 
Non-native species can have large ecological and economic effects in a 
variety of ecosystems (Mack et al., 2000), but very little is known about such 
species for open-coast beaches.The coquina clam (Donax variabilis) appears 
to have been introduced to Egyptian beaches from the Atlantic ocean (El-
Ghobashy et al., 2on), and the American hard clam (Mercenaria mercenaria) 
and Atlantic jackknife clam (Ensis directus) to beaches in northern Spain 
(Arias & Anad6n, 2012). In South Africa, some non-native amphipod 
species as well as European marram grass (Ammophila arenaria) and coastal 
she-oak trees ( Casuarina equisetifolia) are now present (Mead et al., 2ona, 
2onb). Some non-native plants are deliberately planted to stabilize dunes at 
the expense of native species, or they invade without deliberate human 
actions (Burkitt & Wootton, 2on). The sublittoral zone fronting the non-
vegetated part of beaches can be colonized by invasive algae and seagrasses, 
altering the composition of the wrack material washed ashore (Piriz et al., 
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2003); changed wrack composition and chemistry may be deleterious for 
local fauna feeding on this beach-cast material (Lastra et aL, 2008, 2010). 
Finally, non-native predators such as dogs, foxes, and cats can prey on birds, 
chicks, and eggs (Maslo & Lockwood, 2009). 
Ironically, some measures designed to manage the shoreline create 
other problems and become pressures themselves. Examples include 
armoring, nourishment, grooming, and deliberately introducing species 
(see above). Armoring (e.g. building of seawalls and similar structures) 
protects adjacent urban assets from erosion, but has several unwanted 
ecological effects. Seawalls reduce the size and number of intertidal zones 
and cause a disproportionate loss of upper beach and dry sand habitat 
(Dugan & Hubbard, 2006; Dugan et al., 2008). This habitat loss and 
compression lowers invertebrate numbers, curtails habitats for vertebrates, 
and limits the deposition of wrack, an essential input to beach food webs 
(Dugan et al., 2008). Increased erosive forces in front of seawalls can drown 
a beach over time because natural shoreline retreat is halted by the structure 
(Pilkey & Wright, 1989). Biota on beaches fronting seawalls may also be 
more vulnerable to storms and slower to recover from storm impacts 
(Lucrezi et al., 2010). 
Ideally, shorelines should be allowed to respond freely to changes in 
physical forcing regimes, including landward migration under conditions 
of higher sea levels. In settled areas, promoting natural landward migration 
would require moving infrastructure inland to allow the shoreline to recede. 
While such managed retreat maintains beach habitat, biodiversity, and func-
tion, it has enormous economic costs and carries much social uncertainty. 
In non-urban areas with few societal assets, inland retreat of beaches seems 
more probable. In the latter case, the ecological effects should be minimal 
because species are likely to adapt (Scapini et aL, 2005; but see Aiello-
Lammens et al., 2on). Of course, this option is not available for beaches 
backed by rocky cliffs; the beach will drown if sea level rises appreciably. 
If retreat or quasi·natural shoreline movement is not a viable option, the 
alternative to arresting shoreline position using a fixed seawall is to restore 
or maintain eroding beaches through beach nourishment, where sand, 
often from offshore sources is added to the existing shoreline. This strategy 
has gained popularity because it maintains both sandy habitat for biota and 
beach amenities for humans. Of course, the nourishment option is only 
feasible where sufficient fill sand exists and in countries with adequate 
financial resources. Nourishment causes a range of negative ecological 
impacts (Speybroeck et al., 2006). However, if the engineering process 
consistently and carefully employs best practices (e.g. carefully matched 
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sand, application of very thin layers only, limited bulldozing), it may be 
regarded as a less ecologically damaging option than structural engineering 
works (Finkl & Walker, 2004). Although the initial ecological effects are 
usually severe (Schlacher et al., 2012), recovery of some taxa can occur within 
months if the properties of the added sediment are closely matched to the 
original beach sand (Jones et al., 2008). Where fill sediments are poorly 
matched, ecological impacts may persist for years (Peterson et al., 2000, 
2006; see Chapter ro for the effects of nourishment on marine turtles). 
Moreover, repeated nourishment episodes (e.g. annual, biannual) can degrade 
beach biota and inhibit recovery and ecological function (Dolan et al., 2006). 
Grooming or raking of urban beaches to remove litter and wrack is 
widespread but ecologically problematic (Dugan et al., 2003; Dugan & 
Hubbard, 2010). Although socially desirable, the ecological effects of 
removing naturally deposited organic material from the beach are signifi-
cant because this organic material is vital to beach functioning (Llewellyn & 
Shackley, 1996; Dugan et al., 2003). Wrack plays fundamental roles in 
nutrient regeneration and carbon processing in beach ecosystems 
(Coupland et al., 2007). Wrack also promotes beach stability and provides 
feeding, nesting, and habitat resources for both invertebrates and verte-
brates, such as birds, marine turtles, and fish (Colombini & Chelazzi, 2003; 
Martin et al., 2006). Further, the loss of wrack invertebrates has cascading 
trophic effects to shorebirds (Dugan et al., 2003). Although grooming is 
theoretically a pulse disturbance, it is often repeated frequently, delaying or 
even preventing recovery. If the spatial scale of grooming is large, low-
dispersal invertebrate species may need to be translocated and plant seeds 
added to achieve recovery (Dugan & Hubbard, 2010). 
Significance of pressures and their impacts - what matters? 
Managers with limited funds need to know which impacts matter (Jones, 
2003b). Guidelines have been set for many pollutants, leading to the legal 
enforcement of water and sediment quality standards. By contrast, under-
standing the acceptable magnitude of ecological change is poorly developed 
(Oliver, 1995)· In theory, "we need to define - using some form of scientific 
judgment - what is meant by 'detrimental', 'unacceptable change', 'signifi-
cant impact', 'reasonable loss', etc." (Fairweather & Cattell, 1990). However, 
this is highly problematic. Although several criteria for the ecological sig-
nificance of impacts (e.g. local extinctions, exceeding tolerance limits, loss 
or reduction of critical breeding habitat, ecosystem stability, primary produc-
tivity and assimilative capacity) have been suggested (Duinker & Beanlands, 
1986), no consensus definition of an ecologically significant impact has been 
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reached. Instead, managers generally use value judgments (e.g. number of 
visitors and money spent at a place, presence of rare/endemic species), or 
non-biological standards (e.g. surface ofbeach available for leisure activities, 
shoreline stability, coastal water quality) to determine actions (Scapini, 
2002). In truth, there is unlikely to be a universally acceptable criterion, or 
threshold, for objectively assessing the degree, duration, or severity of envi-
ronmental impacts. Judging the limits of acceptable change and valuing 
biodiversity and naturalness will vary according to a country's or society's 
historical, cultural, and philosophical roots; it will also depend on its eco-
nomic development status, financial resources, and the value it places on 
ecosystems and biodiversity (Scapini, 2010). In this context, ignorance of 
beach biology and the consequent lack of appreciation of beaches as 
ecosystems can be a major threat (Fanini et al., 2007). 
Despite the complexity of theses ecological, socioeconomic, and cultural 
issues, it would be useful if pressures and their impacts could be prioritized 
according to their broad significance or severity. This ranking would 
depend on the type of pressure, the magnitude and spatial extent of its 
impacts on biodiversity, and the recovery time from impacts. The following 
types of pressure are of particular concern for biodiversity conservation (see 
also Dovers et al., 1996; Salafsky et al., 2002). 
1. Pressures with large and/or irreversible ejfects 
For example, coastal development that causes the loss of dune habitat can 
rarely be reversed (Nordstrom et al., 2on). In some cases, these pressures 
may be linked to extinctions (Hockey, 1987). 
2. Pressures of large spatial scale 
Concerning beaches, pressures from climate change are largest because all 
beaches will be affected (Jones, 2012). 
3. Pressures of large temporal scales 
Examples of these pressure disturbances are climate change, coastal engi-
neering and urban development because they will affect beaches for cen-
turies (Defeo et al., 2009). Pressure disturbances may elicit a pressure 
ecological response (i.e. no recovery but an alternative state) unless assim-
ilation or evolutionary adaptation occurs. 
+ Ramp pressures 
These are a special case of pressure disturbance wherein impacts increase 
over time (Lake, 2000). Ramp pressures matter greatly, especially if they 
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incorporate positive feedback loops that cause accelerating ecological effects. 
The destruction of dune-stabilizing plants is a beach example (Thompson & 
Schlacher, 2008); climate change may prove to be a ramp pressure. 
5. Interactive pressures 
Here several processes combine to magnify the effects of each pressure 
alone. On beaches, the possible shell-weakening effects of acidification may 
leave calcifying species more vulnerable to storm abrasion, predation, or 
vehicle crushing (Sheppard et al., 2009). Also, urbanized sections of the 
coastline are often armored, a situation that amplifies the trampling effects 
caused by beach visitors (Lucrezi et al., 2009). Further, sections of beaches 
used for leisure are subject to grooming and impacted by trampling and 
temporary constructions that may become permanent (Scapini, 2010). 
6. Boomerang disturbances 
These are pressures that produce unintended effects that rebound nega-
tively on human interests (Webb, 1973)· For example, building on dunes 
accelerates beach erosion, dams trap sediment that would otherwise have 
supplied beaches, and groyns transfer erosion problems by starving down-
stream beaches (Nordstrom, 2000). 
7. Cumulative effects 
Impacts from repeated activities, although individually small, may eventu-
ally become unacceptable. This "tyranny of small decisions" is exemplified 
on beaches by progressive ribbon development, armoring, and urbanization 
along the coastline (Odum, 1982). 
To sum up, pressures leading to irreversible habitat loss or change, 
biological extirpations, and those operating over large spatial and temporal 
scales are of most concern. The various effects of climate change are 
potentially very large, adding to the existing effects of erosion and the 
cumulative effects of human population growth and coastal urbanization, 
especially ribbon development. The protection of sandy coastal ecosystems 
will require increasingly strong management responses to conserve both 
anthropocentric and ecocentric values. 
MANAGEMENT FOR CONSERVATION 
What do we manage for? 
Management is usually directed toward one or more of the triple bottom-line 
outcomes - economic, social, and ecological. Ideally, all three can be 
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integrated into social-ecological systems, where managing the environment 
means seeing humans as integral parts of ecosystems rather than as separate 
entities. This paradigm shift has come about largely through the realization 
that biodiversity conservation has dual mandates and outcomes - a moral and 
ethical imperative, complemented by anthropocentric motives stemming 
from the positive links between biodiversity and ecosystem goods and serv-
ices (Millennium Ecosystem Assessment, 2005; Balvanera et al., 2006). 
Intact ecosystem goods and services are often vital for poor people in less-
developed economies (FAO, 2oro). In richer economies, maintaining the 
high values of human assets at the coast relies, in part, on adequately 
maintaining these ecosystem goods and services (Barbier et al., 2orr; 
Landry & Hindsley, 2on; Nordstrom et al., 2on). In many situations, envi-
ronmental management of beaches and the conservation ofbiodiversity serve 
economic, social, cultural, and ecological needs. It must also be explicitly 
recognized that conservation goals and management objectives are inextri-
cably linked to social and economic constraints and demands. These linkages 
mean that not all conservation actions can be uncritically translated from one 
area to another. In the context of management and conservation, this para-
digm shift is supported by tools, such as systematic conservation planning 
(Margules & Pressey, 2000), marine spatial planning (Douvere, 2008; Foley 
et al., 2010), ecosystem-based approaches (Mcleod & Leslie, 2009), and 
active adaptive management (Folke et al., 2002). 
Challenges 
Globally, there are few conservation areas specifically designated to protect 
entire beach and dune ecosystems and their biodiversity (Defeo et al., 
2009). Those that do exist are either incidental or are in place to protect a 
sensitive or important feature of a sandy shore, such as shorebird and turtle 
nesting sites, penguin roosting sites in New Zealand, and clam preserves 
(or at least closed fishery areas) in New Zealand and California. Whole-
beach and dune ecosystems are, however, seldom protected, or protected 
areas are not well managed (e.g. the use of ORVs in conservation zones; 
Thompson & Schlacher, 2008). 
Why are beach ecosystems so poorly represented in existing reserves? 
This situation has arisen because of four factors: (r) limited awareness of the 
ecological values of beaches, including their biodiversity (Dugan et al., 
2010); (2) societal demands on beach and dune systems to support primar-
ily utilitarian uses (Schlacher et al., 2007a); (3) perceptions that beaches are 
resilient to human impacts - a misconception that certainly does not apply 
for the sensitive dunes backing beaches (e.g. Santoro et al., 2012); and 
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(4) piecemeal planning and conservation actions that focus on single prob-
lems but neglect issues at the scale of landscapes and entire ecosystems 
(James, 2oooa, 2ooob). For example, most management of ocean beaches 
is done to protect ocean-front housing and other assets without much or any 
regard to conserving or sustaining natural resources or ecological processes 
(Peterson & Estes, 2001). 
Unfortunately, for beach-dune systems, economic and social consid-
erations still dominate management approaches characterized by a haz-
ards and playgrounds focus (James, 2oooa), whereas conservation is 
largely neglected (Schlacher et al., 2006). Here we broadly address man-
agement for biodiversity conservation outcomes and briefly examine two 
aspects under this perspective: (1) the properties of sandy beaches 
and coastal dunes that may be particularly relevant for conservation and 
management; and (2) the use of systematic conservation planning and 
related spatial techniques for beaches and dunes. We suggest a vision 
statement for the conservation of open-coast beaches and dunes (Box 3-4), 
and we synthesize the key messages into a set of core strategies to guide 
conservation and management actions (Box 3.5). We also provide a list of 
management measures (Table 3.3) that will in most cases produce positive 
environmental outcomes for beaches and dunes at the local scale. 
Properties of beaches and dunes particularly relevant for conservation 
Sandy beaches have a number of attributes with important implications for 
biodiversity conservation and management in these systems. 
1. Linked habitats 
The appropriate functional unit for management is a tripartite system that 
comprises three closely interlinked elements - surf zones, non-vegetated 
beaches, and coastal dunes. The continual exchange of sand, nutrients, 
organisms, and organic matter couple these elements into a single functional 
unit, namely the littoral active zone (LAZ; McLachlan & Brown, 2006). 
2. Dynamic habitats 
Sandy coasts are malleable, undergoing considerable changes in shape, 
size, and shoreline position, driven by variations in sea level, wave energy 
(including storms), and sediment supply and transport (Bird, 2000). 
3. Narrow, finite, and .fragmented habitats 
Sandy shores and coastal dunes are compressed into a narrow strip 
along the ocean margins, and there is no option for replacement (e.g. 
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Box 3.4 Suggested vision, objectives, and strategies for sandy beach 
conservation and management 
Vision 
A comprehensive, adequate, and representative network of beaches and coastal 
dunes successfully protected from unsustainable human uses and impacts. 
Objectives 
I. To ensure sufficient representation of biodiversity (genetic through to 
habitat) and ecological function (at all scales). 
2. To create and maintain a network of beaches that is of sufficient size and 
configuration to maintain viable populations as well as biological 
connectivity among sandy beach habitats and biota. 
3. To achieve efficient and effective protection of natural assets (e.g. species, 
habitats, processes). 
4. To provide, if possible, for environmentally benign and sustainable 
human uses, including sustainable fisheries. 
5. To create setback lines that allow beaches and dunes to migrate in 
response to changing external drivers, including predicted sea level rise. 
Strategies 
r. State explicit conservation goals for beaches and dunes. 
2. Manage surf zones, beaches, and dunes as a single geomorphic unit- the 
littoral active zone (LAZ). 
3. Comprehensively identify and map ecological values in the LAZ. 
4. Implement ecosystem-based conservation planning and spatial zoning. 
5. Seek and foster political support for beach conservation. 
6. Align management objectives with conservation goals. 
7. Include sea level rise projections in long-term planning. 
compensatory habitat) for beaches and dunes lost to human development 
or other forces. Beaches and dunes also have variable length, being 
fragmented by other coastal features (e.g. estuaries, rocky headlands) 
and, increasingly, by urban settlements (Nordstrom, 2000). 
4. Dual threats from the land and the sea 
Beaches are increasingly becoming trapped between the impacts of climate 
change from the sea and development from the land (coastal squeeze; sensu 
Schlacher et al., 2006). Human stressors are amplified in the narrow 
coastal band formed by beaches and dunes. 
Table 3.3 Examples of on-ground management actions that can produce positive environmental outcomes on beaches and dunes and that are congruent with the vision 
for sandy beach conservation (Box 5.4) and the related strategies (Box 5.5). These actions are important tools in local coastal management but should always be used to 
support more comprehensive strategies at larger scales. 
Principle 
Manage for interlinked habitats 
Avoid hard-engineering as a management intervention 
Protect sensitive features on sandy shores 
Intervention aim 
Rehabilitate sand dunes 
Build and replace dunes 
Use scientifically determined 
setback lines 
Nourish beaches with 
sediment 
Reduce trampling impacts 
Decrease impacts from 
vehicles 
Provide/enhance habitat for 
endangered species 
Action 
Planting appropriate dune vegetation should only be done to 
replace plant cover that has been lost due to human 
interference, not to stabilize dune systems beyond their 
natural dynamics; non-vegetated areas should be 
maintained as such where these exist naturally. 
Constructing dunes is appropriate in highly developed coastal 
areas where dunes have been eliminated or severely 
truncated. Dunes are usually created by beach scarping 
(bulldozing), sand fences, and vegetation plantings. 
Avoiding development that is inappropriately sited on primary 
dunes (and the subsequent need to defend it with seawalls in 
the longer term) by implementing scientifically determined 
setback lines, which also serve to keep the littoral active zone 
(LAZ) intact and functional. 
Nourishment projects should only be undertaken using 
techniques that reduce environmental impacts to the 
resident fauna (e.g. match sediments, apply only very thin 
layers). 
Manage visitors, directing access to beach via boardwalks to 
avoid trampling of dune vegetation; any fences must be 
constructed and sited in such a way that movement of 
organisms and exchange of sand and organic matter is not 
altered significantly. 
Closing beaches and dunes to all non-essential motorized 
traffic; ban all recreational vehicles from beaches and dunes. 
Restoring degraded habitats, including foraging areas; shield 
artificial lights (for nesting turtles). 
Table 3.3 (cont.) 
Principle 
Include biodiversity and ecosystem services/processes 
explicitly in conservation and management 
Intervention aim 
Reduce disturbance to wildlife 
Protect rare and endangered 
species 
Lower mortality of eggs, 
chicks, hatchlings 
Reduce incidence of invasive 
species 
Mitigate detrimental effects of 
beach grooming 
Action 
Codes of conduct, education, and legal restrictions on visitor 
activities, including beach closures (e.g. banning flash 
photography, dogs, access to sensitive areas, etc.). 
Protecting species oflow population size, restricted range, or 
other vulnerable features usually requires habitat 
conservation or restoration with large benefits for other 
elements of the ecosystem; particularly successful knock-on 
effects when species with large home-ranges, such as birds 
of prey, are protected. 
Fencing nests to prevent access by predators (feral or invasive 
species) and humans. Use of Conditioned Aversion to teach 
introduced predators to avoid shorebird eggs (Box 3.6). 
Species eradication programs (e.g. weeding, seeding of native 
species, fire-ant controls, predator removal, etc.). 
Because removing wrack from beaches also removes habitat 
and organisms and disrupts nutrient cycling, limiting beach 
cleaning has large and multiple environmental benefits. 
Sources: Dowling & Weston, r999; Nordstrom et al., 2000; Lafferty, 2001; Greene, 2002; Dugan et ai., 2003; Williams et al., 2004; Bertolotti & Salmon, 
2005; Nordstrom, 2005; Peterson & Bishop, 2005; Ferreira et al., 2006; Peterson et al., 2006; Sergio et al., 2006; Speybroeck et al., 2006; Waayers et al., 
2006; Nordstrom, 2008; Maguire et al., 2009; Maslo & Lockwood, 2009; Williams et al., 2009; Dugan & Hubbard, 2orn; Lettink et al., 2ow; Doherty & 
Heath, 2on; Maslo et al., 2on; Mcintyre & Heath, 2on; Nordstrom et al., 2ou; Maslo et al., 2012; Santoro et al., 2012; Vranjic et al., 2012; Weston et al., 2012. 
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5. Low resilience of dunes 
Sandy beaches and dunes are physically abutting systems, but differ some-
what in their degree of resilience to human use and modifications. Beaches 
can physically withstand some forms oflow-impact human uses, whereas 
dunes are highly sensitive and have very low tolerances to all forms of 
human use (Groom et al., 2007). The biota of both beaches and dunes are 
sensitive to most forms of human use. Major modifications (e.g. develop-
ment, disruptions to sand transport) have large impacts on beaches and 
dunes alike (Defeo et al., 2009). 
6. Endangered species 
Dunes and beaches support endangered plant and animal species, includ-
ing the critical life-history stages of marine turtles and shorebirds, and 
species that require large home-ranges or other natural habitat features, 
such as birds of prey (Varland et al., 2008). 
7. Metapopulations and isolated populations 
Some invertebrate beach species have pelagic larvae that disperse widely, 
creating meta populations across a series of fragmented beaches (Defeo & 
Mclachlan, 2005). The dispersal of adults by storms may support the 
metapopulation dynamics of species without pelagic larvae, which might 
otherwise exist in discrete, isolated populations (Harris et al., 2 on) . 
Fragmentation of populations and ensuing metapopulation dynamics 
may also occur in coastal vertebrates such as birds. 
8. High-value ecosystem services 
Beaches and dunes are highly valued by humans (e.g. storm protection, 
recreation areas, real estate, fisheries, etc.) and are important ecological 
elements of the nearshore and coastal zone (e.g. foraging areas for birds, 
nutrient regeneration and water filtration, etc.). Arguably, beaches are the 
globe's most valuable commodity at the land-ocean interface, potentially 
heightening conflicts between socioeconomic and environmental demands 
(Landry & Hindsley, 2on). 
9. Mineral deposits 
Coastal dunes contain valuable mineral deposits, placing additional pres-
sure on these finite systems (Lubke & Avis, 1998). 
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10. Increasingly urbanized and settled 
Human populations are becoming increasingly concentrated in coastal 
cities and smaller settlements. More beaches and dunes will front larger 
urban and peri-urban conurbations in the future (Noriega et al., 2012). 
Ecosystem-based spatial conservation planning for sandy beaches 
An important practical question is how to make decisions about the num-
ber, size, location, and spatial configuration of dune and beach areas to 
address conservation goals. Systematic conservation planning (Margules & 
Pressey, 2000} can be used to identify ecologically important areas that are 
irreplaceable, based on spatial patterns of biodiversity, habitats, and ecosys-
tem services (processes). Projections of sea level rise should be used to 
understand which of these areas are likely to maintain their integrity on a 
50- or loo-year timescale. Ideally, generous setback lines would be set to 
ensure the persistence of beaches, underpinned by adopting a precaution-
ary principle. The dunes in these areas would benefit from formally recog-
nized protection in the form of reserves. 
In a second step, a cumulative threat assessment (Halpern et al., 2008; 
Ted< et al., 2010) should be applied to identify particularly threatened 
beaches that are affected by multiple stressors. Planning tools can then be 
used to disaggregate cumulative stressors, either spatially through zoning 
of activities, or temporally by seasonal closures, for example. The intent of 
this planning would be first to build resilience into the irreplaceable and 
sustainable areas, and second, to reduce pressure on highly stressed 
beaches that serve as supporting areas (primarily in ecosystem functions) 
for the irreplaceable beaches. 
Legislation and policy 
The role of legislation and policy in ecosystem-based spatial conservation 
planning is to ensure that political or management responsibilities cater to 
ecological processes. Management at local, provincial/state and/or national/ 
federal levels must take bioregional scales and processes into account. 
Countries generally do not have beach-specific legislation; beaches are pre-
sumed to be sufficiently represented under the banner of integrated coastal 
zone management or other forms of coastal legislation (James, zooob). 
There exists a need for beaches to be represented specifically in policy 
and in environmental legislation; a spatial planning approach is probably 
required to achieve this objective. There is also the widespread problem of 
multi-jurisdictional issues, where different levels of government either co-
govern the same part of the coastline or responsibilities are split between 
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Box 3. 5 Core strategies in sandy beach and dune conservation 
and management 
I. Conserve ecological values 
Coastal conservation and management must explicitly recognize the multiple 
and diverse ecological values of beaches and dunes (beyond their utilitarian 
values) and set targets to conserve them effectively. 
2. Manage for interlinked habitats 
Sandy coasts, including their surf zones, beaches, and dunes, must be 
managed as interlinked and dynamic functional units (e.g. littoral cells). It 
is important to minimize disruptions to the supply and transport of sand and 
all other processes that limit the exchange of material (including organisms) 
between the dunes, beaches, and surf. 
3. Protect sensitive and irreplaceable features 
Sensitive and irreplaceable features of beaches and dunes require higher 
protection investment. These include but are not limited to: (r) all sites of 
archaeological, spiritual, or cultural significance; (2) all dune areas and their 
flora and fauna; (3) nesting sites for sea turtles and birds; (4) feeding and 
roosting areas for birds, including raptors; (5) the water table; (6) fishery 
areas; and (7} areas with high wilderness/naturalness quality. 
4. Limit seawalls and similar engineering structures 
Because engineering works, particularly seawalls, generally have negative 
environmental consequences, their construction should be kept to a mini-
mum from a conservation perspective. 
5. Reduce impacts from beach nourishment 
Beach nourishment (i.e. adding sand to eroded beaches) causes impacts on 
the local fauna. Nourishment works should use engineering techniques that 
can limit these impacts (e.g. application of thin layers, matching sediments, 
leaving unnourished refuge islands). 
6. Leave wrack on the beach 
Whenever and wherever possible, organic material deposited on the upper 
beach near the dunes {wrack, beachcast) should be left in place as it forms a 
vital source of food and habitat for beach animals. Raking beaches severely 
disrupts food chains and destroys critical habitats. 
7. Ban vehicles from beaches and dunes 
Non-essential motorized traffic (e.g. recreational off-road vehicles) is highly 
detrimental to beaches and dunes, severely impacting habitats and a wide 
range of species . 
..................................................................................................... 
7 4 I Thomas A. Schlacher et al. 
habitat types and activities (e.g. state manages dunes, local government 
manages the non-vegetated beach and vehicle traffic, federal government 
legislates on threatened species, department of transport regulates water-
craft). Legislation should simplify jurisdictions along coastlines to foster 
consistent and efficient management for good conservation outcomes. 
Lines in the sand: some core strategies 
It is important to understand that conserving beach and dune habitats 
relies heavily on keeping sand budgets and transport processes intact. 
Box 3.6 Training foxes on beaches not to eat eggs 
In many of the world's beaches, invasive or superabundant terrestrial animal 
pests create conservation problems. Prominent among these are predators, 
often mammalian, which prey intensively on species that are often not well 
adapted to cope with the nature or extent of depredation. This is especially 
true during vulnerable life-history stages, such as breeding. For example, 
comparatively small birds are unable to defend against many predators mean-
ing their nutritious eggs are preyed upon by predators such as snakes, foxes, 
stoats, cats, racoons, ghost crabs, or rats. 
Many options exist for the management of pest predators on beaches, but 
few are entirely successful. Predator numbers can be reduced by culling, 
baiting, or immunocontraception, or by using ecological approaches, such 
as reinstating apex predators. Specific prey species benefit from predator 
exclusion or the provision of shelter to facilitate escape from predators 
(Maguire et al., 2ona). Another approach for territorial, intelligent, generalist 
predators is to train them not to eat prey of conservation significance. This is 
done by creating an association between a prey type and a negative stimulus, 
such as illness. This can cause the predator to avoid subsequent consumption 
of the specific prey and is known as Conditioned Aversion (CA). For territorial 
predators, the predator may become the protector(!), as it excludes untrained 
conspecifics and does not consume the prey of conservation significance. 
Maguire and colleagues (2009) examined the rate of red fox ( Vulpes vulpes) 
predation of artificial eggs that mimicked eggs of the threatened beach-
nesting hooded plover (Thinornis rubricollis). Foxes are a major cause of 
reproductive failure among hooded plovers. Following an initial take by 
foxes, eggs treated with an aversive agent experienced lower rates of depre-
dation compared with untreated eggs, suggesting that foxes were avoiding 
eggs after being trained. Questions remain regarding how long the training 
will last, the predator-specificity of the training, and whether CA is a viable 
management tool on other beaches and in dunes. A key advantage of CA is 
that it can be used in areas where roaming domestic dogs are common -
places where fox baiting or trapping is often considered incompatible with 
public support of conservation efforts. 
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Box 3.6 (cont.) 
Figure Box 3.6 Red fox preying upon eggs in the foredunes of an 
Australian beach. (Photo cn~dit: Thomas Schlacher.) (See color plate 
section.) 
Recognizing the importance of physical processes in sandy shore ecosys-
tems is fundamental to the management and conservation of these 
dynamic shorelines (Komar, 1998). One of the most effective approaches 
to managing the LAZ for ecological value and function is the use of setback 
lines (Ferreira et al., 2006). The action of major storms and episodic events 
can, in fact, help create the microhabitat heterogeneity needed to maintain 
biodiversity in these ecosystems. For example, storm-produced washover 
fans on barrier islands are preferred nesting areas for endangered piping 
plovers (Charadrius melodus) on the east coast of the US (Cohen et al., 
2009). These washover fans are ephemeral features that re-vegetate over 
time and therefore lose value as nesting area. However, more than the 
beach or dunes needs to be considered, as numerous other processes 
from upcoast or upstream have the potential to compromise these systems. 
Delivery of sand to the littoral zone by streams and rivers is an important 
large-scale process crucial to beach health (Willis & Griggs, 2003; Masters, 
2006). Reductions in sand supply from upcoast or upstream can drastically 
reduce beach widths ·and drive habitat conversion (e.g. beach to cobble or 
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bedrock). Sandshed management will be increasingly important for main-
taining beach health in some regions (Revell et al., 2007). There are a 
number of core strategies (Box 3.5) that emerge from examining the theory 
and practice of beach and dune conservation and from the discussion of 
pressures that matter most (see previous section). There is also a range of 
practical intervention options available that should be effective in achieving 
positive conservation outcomes at the small scale (Table 3.3). We recom-
mend that these be implemented as part of a larger program that is more 
thoroughly designed, using techniques of systematic conservation plan-
ning, sea level rise forecasting, or similar approaches. Above all, effective 
conservation of the unique biodiversity of ocean beaches and coastal dunes 
is ultimately contingent upon society placing a greater value on maintaining 
the ecological properties of these systems and committing the will and 
resources to conserve them into the future. 
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